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Appendlx A. Background Information on Populations : o | GLFI 10/03

P_op ‘atlon anze hmlted by capaclty to mcrease and carrymg capaclty
of envlronment 5 Ak :

f_Conceptual model is CI(tl 0 [Pto * RP * SP* ER] =P, -P,

. > Cl= capa01ty for | increase, t = time, P, = population size at
tlme t,RP= reproductlve potential, SP = survwal potential,
i ER env1ronmental resistance

Lo J~;:;:.:"> Based on classical Lotka-Volterra equatlon |
IR am
i where r = intrinsic rate of natural 1ncrease,
l = probablhty of survival to age x
m, = number of offspring per female in year x

| > RP = inherent genetic factors that determine the number of
offsprmg produced by a female (value > 1)

" Related to '’ and m_ functions of log1st1c equation
> SP ab111ty of an orgamsm to survive the exigencies of hfe
. Inﬂuenced by genetlcs, acclimation h1story, niche
Related to lx and m, functlons of equation (value < 1)

L > ER - environmental factors reduce RP addltlons to and lower
| SP of populatlon

Related to 1, functlon (value < 1)

> For typlcal fish populatlons RP is hlgh and SP is low
: (espemally for eggs/larvae/Juvemles)

; ngh pop“ lat 0 ns result only i in "good" years when ER low
en a‘RP andéSP are both low populatlons always

.‘v:”:‘App'ehdix‘A-2 : o |
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" :Appen&ix A, ﬁaékgrouxid Ihfdhnaﬁon on Populations GLFI 10/03
e .;;;Theory/reallty of populatlon snze/age class dlstrlbutlons in a fishery

"« Suppose a populatlon adds 1000 recruits per year and hasa
" constant age-specific annual mortality rate of 50%

i  > ‘What would the population size be?

> How would the age classes be distributed?
‘ 1000 == N =2000
7504
N 500 - R
2504 : —
K R I e
Age :
L J

+ Real fishery populations show similar patterns, but much
‘variation occurs due to greatly differing year class strengths

> What factors might cause these relationships?

e IR — N
SRPPC Weak year class v :
S Strong year classes
ok L B __r_r_r_‘
o ",.:‘, » ' Age ;

> Strong/weak'.yeér\, classes visible in age class diagrams for
- years (e.g., 1978 classes of alewives/yellow perch in LO)

‘ Appendix A-4
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*In reahty, the relatlve numbers of rccrults andy adultys ﬂuctuates
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Appendix B, Background Infonnation on Recruitment “ . GLFI 10/03

survwal sevefal years earher A
Final overharvest?fdld m the fishery,:none caught 1n 20 years




. Appendix B. Background I_'.nfqrmation}dn Rec tment

Why is the larval-mvemle stage "so,lmportant?
. Cr1t1cal perlod IS the very raplddeclm in YOY




 Appendix B, Background Information on Re rultment i " GLFI10/03




Appendix B, Bdckgrqﬁnd.lﬁfonndtioﬁ dn‘Rédnlitxn@ﬁt




: AppendleBackground Information onRecrultment i

redators ’and\ prgy ﬂuctuate together r
‘abiotic changes in th envﬁOnment S0 a balance

AppendixB-9

. GLFI10/03
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‘Appendix B.'Béckgx‘qund Iﬁfo;matioh bn Recrultment

-ﬂm_the egg and
year class strength and ultlmate adult populatll_ 14

» Fraser Rlver BC salmon recruitment cycle
Every 4th year‘class was large

g Related to"'predator«prey interactions, not weat

Predator populatlons 1ncreaseq
year classes (numerlcal response)'

- ’Successwe year classes were cropped‘heaVI
populatlonf rashed’

A0



' GLF110/03

1937 1940 1945

: Lake Trout vé, Sea Lamprey -




* Appendix B. Background _Inforioation on Reoruitroeo

' ( &

Are trends revers1ble?

o If populatlons become too"-largev natutal limiting fa
numbers | |

+ If the causes of populatlon dechne ar ectlﬁed and enough |
surylvors are left to regenerate the population, :
mcrease W1ll appear

> YOY surv1va1 wﬂl determm recruitment rates/recovery times

+ If ﬁshmg pressure is too great forytoo long, populatlons may
‘become so small that males and females don't meet ot find the
right habitats or extrapensatory mortality events may drive the
populatlon to extmctlon - recruitment overfishing

>E. R85 1ake hemng inL Erie never recoveted from ovetfishing
o m 19205 L

>> E.g. lake trout vs. overfishing,
>~ E g., blue plke




ppendix C, Background Information on Fish Growth ~~~~~~~~~ GLFI10/03

: 'How xs mdlvldual‘:fish growth!mcorporated in ﬁshery yleld models"'

;ture & agev-speciﬁc growth and mortahty rates
| determmes proper SIZC/ag¢ of ﬁsh to harvest for optlmum yield

 Appendix C-1




Appendix C. Backgrouﬁd ‘Infobrzvhation‘on FlSh Growth ;

. What factors mﬂuence fish growth?

¢ For scale agmg techmque to,be ‘valld assumptlons must hold
> Scales are retamed throughout life (true except for accidents

> Deﬁmte year marks are forrnedf(tru, in temperate waters

 isometric relat10nsh1p holds . S= S, ‘L /L orL. L* S/ |
where o

L "-— total ﬁsh length )
,L = fish length in past year»

al
,‘S‘ = total scale length

S dlstance to scale annulus?formedﬂ in yﬁear a

> Not thlS s:mple, but empmcal vmethods ‘compensat

* Appendix



ppendix "c,-"i'aé;élégfbﬁn& iﬁfdﬁhéﬁbn onFishGrowth  GLFL10/03

E g what would happen to the stock if the minimum
; harvest size was set at the size of male maturity or the .
Verage 51ze at maturlty? ,

‘\
— female k
male
. " _—~ Male I* reprodhction
l 4——»—“ Female 1™ repraduction
el R T Age o |
e /

Inﬂectlon pomts on curves indicate age/length at maturlty =
points where growth rates begin to slow

. Accurate scale length measures very 1mp0rtant due to magmfymg
- effect of mu1t1plymg S/S, *L,

- > Relatively small differences in actual/measured fish growth
rates can produce +30% differences in harvestable stocks
prechcted by models g

Why all the fuss about fish growth relatmnshnps"

oA major goal of fishery studies is to develop a length-welght
f;relatxonshlp to accurately predict the biomass of fish that can
safely be harvested

' }. } Flshmg gear tends to select fish more in relation to their
~length/girth than ‘weight (net mesh size, surface area for
lectroﬁshmg, etc )

» Alsc it is dlfﬁe_ult to accurately welgh fish in the field
(swaymg scales) or after death (fluid loss)

> A good lengthhwelght relatlonshlp calculates accurate biomass
“‘f harvest by knowmg only the lengths of the ﬁsh

Welght 1s hlghly correlated W1th length/age
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reduce




“ndi'x ‘c;‘*Bac'kgfdﬁnd Infonné‘tion'on;iv‘ish Growth GLFI 10/03

> Predator to_‘prey ratlo (e g., rapid growth of salmonids stocked

into alewlf 'ﬁlled LO followed by decrease in max1mum
~salmon size) - AT

):»]‘ Locatmn behav1or habltat charactenstlcs must match for fish
. to feed successfully (e g., salmomds alewwes smelt in LO)

U derstandmg the growth patterns of fish is critlcal to managing
fishery populatnons for sustamable exploitatnon |




Appendix D. Background Infdnnation On FlsheryModels

Purpose of ﬁshery models 1s to assnstunderstandmg of fish

> leen the comphcated relationshlps that‘ deteﬁnme ﬁsh S L
productlon n the WIld and the SlmpllSth, determxmstlc

> How much ﬁshmg w111 a stock wﬁhstand "
hlgh long-term, sustamable ylelds?

pc)pulatlons/commumtle :
> Predlct changes ina ﬁshe ‘

regulatlons on quotas, 51ze lnmt' gear ‘r"estrlctlon‘; el



»

o Appendxx D Background Informatlon on Flshery Models . GLHFI 10/03

e E gf",A” 1mple model toflpredlct pOpUlatmn S1ze is P A N J

1 ‘f)\dults

. What other”fac iC _s affect A and J How could you model them?

>E. g mortahty of adultS' A=A, mT where A= number of

~ adults at time t and tlme 0 (1mt1al condmon) and —m = slope =
mortahty rate o

. All vanables']n'a ﬁshe,ry model are subjcct to many 1nﬂuences

> E,g., "A'H vanes w1th productlwty of water, avallablhty of
~ shelter, strengths of past year classes (which were strongly
- 1nﬂuenced by weather, predatlon dlsease ﬁshmg pressure,
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i Appendlx D. Backgrou.nd Infonnatlon on Fisﬁéry{Modéls 5 | . GLFl1003 -

- ;'sltock may 'exhlblt faster growth earher 1st age of spawnmg,
~ lower mortality, and greater juvenile survxval than unﬁshed
s ‘stocks > sustamable, harvestable surplus




> The greatest dlstance betWean; theib
populatlon sxze ‘that produces ;




| ‘G‘LFI 1003 °

> 'f‘:‘values represant tal mortahty rates after addmg dlfferent
fishing mortah




: ~ Appendix D, ‘Ba:c‘kground__ hxformeitlon on;‘Fishelrky‘*,Mt‘:‘);de‘?__ll_s. :

~ births and deaths to gam
avallable for harvest |

> Such graphs have the same general shapes and propertle as
those for numbers only (see above)l :

that ‘h'o” new mdmduals are ‘added to a cohort



ppendix D, Background Information on Fishery Models . GLFI10/03 -

fﬁcM natural mortallty rate

; Z i -(F+M) therefore, Nt+1 =N * -(F+M)

Tt

’,_ -increases, populatlon s1ze dccreases and annual mortahty
‘1ses asymptotlcally to 1 |




‘because F /(F+M)
ef@*“’ bothgo to '

the rate of change of length t = time, 1 .*f
length ,L = maximum length attained by the spemes
growth constant from W= yaL“ Note: As 1. ‘---f>L“

Leo
Predicted
lengths




4__.._._. Inflection point =='max '

: growth rate

GLFI 10/03




>a= parameter for densrcy'mdependent-'effect on ecmltm ts
. Pr/Pm‘ Al e : : et



Appendix D, Background Information on ‘Fi‘Shei&‘ Models ' GLFI10/03 '

ity, dependent adult/recruit relations =

> R 1/(a + b/P) =—~j“P/(aP + b) after multlplymg by P/P
| Replacement value is found by settlng P=Rand
substltutmg (P R)= RT/(aR, +b)=(l-b)a
a & b derlved from stock data, not calculated as by Rlcker
> leferences from Rleker ;:-; ! |

“ndent models for stock populatlon
ality, recrultment

; is'it all put together to create a self-generatmg stock model
‘that. can incorporate data frorn a ﬁshery to generate predlctlons
about the future? .

‘.’Appendix'Délzx } 4 -







AppendrxD, Background ‘Irrformavtxen 6n i?rsﬁher%?Modelsf‘ T

>E.g., multivariate etatrstlcal models lmkmg envrronmental data
~ to population changes to determine which environmental
‘;s?factors have greatest mﬂuence on cohort strength/dynarmcs

5atmosphenc arid oceamc processes?

. As mformatron‘ 1mproves more sophlstlcated models do replace
classrcal model S i ‘

>> The results ea:n be remarkable, e. g., eod Vs, upwellmg
stock—recrultment relatlonshlp SN A

GLFI 10/03

»




.development of fish,eryj science 'andfito appreclate h»
trymg to generahze about and predlct What

i




& _"A‘pjpendiﬁc E. Bac_kground InfOfrnation on Management Methods GLFI 10/03

Resource management is a cychc process

Set W1th1n an "env1ronmen " that has cultural economlc political
and ecolog1ca1 dunensxons . | |

> Informatwn base supports ﬁve steps in management process

 Problem "j : Mlnformatlon Evaluatlon
- Identlﬁcatxon ; Base & -
m

i > Goal = statement of purpose about desired end result of a
~ proposed management action or program

' Management
Environment ©

‘ G'oaH Objectiv

- Eg.,to develop a salmomd sport fishery in Lake Ontario

> ObJecnve = spec1ﬁc, quantxﬁable step that will lead to
fulﬁllmg the management goal

- E.g., stock 8 mllhon salmomd ﬁngerlmgs in the lake yearly
> Problem Identlﬁcatlon what prevents aehlevmg an objective?

E.g., Lake Ontario tributaries can not support adequate -
salmomd reproductlon ”

> Actlon what 1s done to solve the problem/achleve Obj ective

. Eg, build the Altmar Hatchery that will provide 4 million
i 1vch1nook and 300,000 coho salmon annually for stocking

'; j?ﬁA more costly alternatlve not pursued was to restore natural
wforested watersheds around tributaries vis, 1800
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o ‘ Appendlx E Background Inforrnatron ori Management Methods . GLFI 10/03
> Control the size of fish taken (e g., mesh sizes, lake trout slot

 limit to protect s1zes of first spawmng)

> Control how ﬁsh are taken (gear restrlctrons, e.g., snaggmg,
dynamrte ﬂy ﬁshrng only)

 Prevent destructive practlces e. g turtle excluder devrces
~ (TEDs) and tuna/porpoise purse seining techniques

'25 Control when or where fish are taken (e.g., bass season opens
- after fry off nests; no fishing at night re: enforcement)
> Control who 1s allowed to take ﬁsh (e g, limited entry)

- . Good regulatrons designed to maintain harvests at optimum 1evels
wrthout bemg onerous, unenforceable or costly to the fishery

. > Use the minimum number needed to reach objectrves
| Most states have way too many

> Regulatlons should make brologrcal economic, common sense
- E g,, pros/cons for snagging salmon in LO tributaries
E g, seasons vs resorts use creel limits, not shorter season

Goal is to provrde maximum beneﬁts (enj oyment food, $$%)
or the maxnnum number of people

. Regnlatrons must be enforceable and supported by a large
majorrty of the pubhc to be effectlve

. >E, 8o 55 mph speed limits totally 1gnored unenforceable

‘ > Must formulate regulatlons so that blologrcal and economrc
1nterests are served optlmally ‘

e Sacnﬁcmg the blologlcal resource to save' the economy in
- the short-term leads to destructlon of the resource and the
L economy long—terrn R |

G o E g Grand/Georges Bank and Pacrﬁc salmon ﬁsherlcs




~ Appendix E, Background Infbnnatign’ on Management Methods:




- GLFI 10/03







GLFI 10/03

*

E, Background Information'on Management Methods:

*

' f> Best to stoc':dka ﬁsh' of smes mmlmally acceptable to anglers that
. can be ralsed 1n one yea:r'm a hatohery |

capacity (K) ‘to ﬁpr0v1de bptlmum ﬁshmg opportumtles




sohd research, common sense, public

it




